The panels show representative instantaneous conformations of ssDNA homopolymers in contact with a positively charged graphene membrane and in the absence of solvent. Charging a graphene membrane to σ = −2.0 e nm -2 was seen to expel ssDNA homopolymers from the nanopore within 0.5 ns or less regardless of their nucleotide composition (not shown). For a positively charged graphene membrane (σ = +2.0 e nm -2 ), DNA was found to remain tightly bound to the graphene, but having some of its bases tilted or unbound. Most of the bases of the poly(dT) strand adopted a flat conformation and were not tilted; bases of poly(dA) were bound flat as well; bases of poly(dC) were mostly unbound but some were tilted; bases of poly(d m C) were mostly tilted with the methyl group positioned on top of the graphene; the conformation of a poly(dG) strand contained a mixture of tilted and unbound nucleotides (mostly tilted). Thus, the conformational response of an ssDNA homopolymer to graphene charging in vacuum can be qualitatively different from that observed in an ionic solution, Figure 2 , 3 and 4 of the main text.
Supplementary Figure 2:
The effect of graphene charge on the velocity of nanopore translocation. Electric-field driven transport of DNA homopolymers through a charged two-layer graphene membrane. Each panel shows the number of DNA nucleotides located at the trans side of the membrane versus simulations time. A transmembrane bias V s = ±500 mV applied in each simulations; the charge of the graphene membrane σ varied from −2.0 to +2.0 e nm -2 . For several systems, the sign of the bias was switched during the simulation to prevent ssDNA from escaping the nanopore. Data in each column were obtained using homopolymers of dA, dC, d m C and dG nucleotides (from left to right). Data for poly(dT) 20 are shown in Figure 5 of the main text.
Supplementary Figure 3:
The effect of the graphene charge density on the velocity of DNA translocation in single-layer graphene systems. Each panel shows the number of DNA nucleotides located at the trans side of the membrane versus simulation time. A transmembrane bias V s = ±500 mV was applied in each simulation; the charge of the graphene membrane σ is indicated at each panel. For several systems, the sign of the bias was switched during the simulation to prevent ssDNA from escaping the nanopore. 
Supplementary Figure 4 : Stop-and-go nanopore translocation of ssDNA through a nanopore in a two-layer graphene membrane. Each of the four panels (a-d) illustrates an MD simulation where transport of a poly(dT) strand was controlled by changing the charge of the graphene membrane. The graphene charge density σ was altered between −1 and +1 e nm -2 in panels a and c and between −1.5 and +1.5 e nm -2 in panels b and d, respectively; a transmembrane bias V s of ±500 mV was applied in each simulation. In each panel, the graphene charge density σ (top), the transmembrane bias V s (middle) and the number of DNA nucleotides located at the trans side of the membrane n (bottom) are shown versus simulation time. As the 17 th or the 3 rd nucleotide entered the pore, the sign of the transmembrane bias was switched to prevent ssDNA from escaping the nanopore. In general, changing the charge density from a positive to a negative value was observed to halt translocation of ssDNA whereas changing the charge density from a negative to positive value restarted the translocation. In several instances (highlighted by circles), ssDNA continued translocation despite the negative charge of the graphene membrane. A more robust translocation control was observed in a three-layer graphene membrane, Figure 6 of the main text. Variation of the electrostatic potential with the distance from the membrane along the nanopore axis during the stop-and-go simulation featured in Figure 6 of the main text. The 800-ns trajectory was split into ten fragments (numbered 1 through 10) corresponding to the four unique simulation conditions: V s = +500 mV and σ = +1.5 e nm -2 (2 fragments); V s = −500 mV and σ = +1.5 e nm -2 (2 fragments); V s = +500 mV and σ = −1.5 e nm -2 (3 fragments); V s = −500 mV and σ = −1.5 e nm -2 (3 fragments). The figure shows the profiles for each trajectory fragment; the fragments are grouped into four panels corresponding to the unique simulation conditions. Overall, the presence of DNA in the nanopore was found to have a rather minor effect on the profile of the electrostatic potential along the pore axis, manifesting itself as local deviation of the profile from a sigmoidal shape. The small scale of the potential perturbations could be expected given the high molarity of the electrolyte solution. (a) Illustration of a typical simulation system. Two layers of carbon atoms nearest to the nanopore are kept electrically neutral whereas the rest of the membrane is assigned a uniform charge density. (b) Ensemble of conformations adopted by a DNA strand versus the charge density of the graphene membrane σ. Twenty nucleotides of a poly(dT) 20 strand were assigned to one of the following conformations: flat, tilted, unbound and confined to a nanopore. The neutralized annulus of the nanopore was excluded from the charge density calculation. The conformational changes are almost identical to those observed in the uniformly charged graphene systems, Figure  3c of the main text. The effect of graphene charge on nanopore translocation of ssDNA in partially neutralized graphene nanopore systems. (a) Illustration of a typical simulation system. Two layers of carbon atoms nearest to the nanopore are kept electrically neutral whereas the rest of the membrane is assigned a uniform charge density as described in Methods. (b) The average translocation velocity of a poly(dT) 20 strand versus graphene charge density σ. The average velocity was computed by splitting the corresponding MD trajectory (panel c) into 10 ns fragments and averaging the translocation velocity of the fragments. If the sign of the bias was changed during the simulation, the ratio was computed for every constant-bias fragment and averaged over all fragments. In all simulations reported in this figure the graphene membrane had two carbon layers. The neutralized annulus of the nanopore was excluded from the charge density calculation.
(c) The number of DNA nucleotides at the trans side of the membrane versus simulations time.
A transmembrane bias V s = ±500 mV applied in each simulation; the charge of the graphene membrane varied from −2.0 to +2.0 e nm -2 . For several systems, the sign of the bias was switched during the simulation to prevent ssDNA escaping the nanopore. The σ = 0 e nm -2 trace is shown in Figure 5c of the main text. The effect of DNA on the electrostatic potential of graphene. For each membrane charge density (first column), the figure shows the electrostatic potential at the surface of a two-layer graphene membrane (second column), the difference in the surface potential produced by the presence of DNA (third column), a representative conformation of DNA during the trajectory fragment chosen for the analysis (fourth column) and the DNA density map illustrating the extent of DNA motion during the chosen trajectory fragment (fifth column). To compute the surface potential difference maps (third column), the electrostatic potentials at the graphene surface in the absence of DNA were first obtained from a separate set of MD simulations. The resulting surface potentials were subtracted from the corresponding surface potential map obtained in the presence of DNA (second column). The surface potentials were computed within the plane of the graphene layer closest to the DNA.
